Wheat and high-moisture corn (HMC) were fed singly and in three combinations using dry-rolled wheat (DRW) (ratios of 75:25, 5050, and 25:75, respectively, Trial l), or singly and in two combinations using steam-rolled wheat (SRW) (ratios of 67:33 and 33:67, respectively, Trial 2) to finishing beef cattle fed a highconcentrate diet. In situ rate of starch digestion (Trial 3) was measured on grains used in Trial 1 (excluding the 25 HMC: 75 DRW mixture) and ground dry corn. In Trial 1 (132 d), g w f e e d did not differ (P > .lo); however, final weight, hot carcass weight, and ADG decreased linearly (P < .05) and DMI exhibited a cubic response (P c .05) as the percentage of wheat in the diet increased. Carcass characteristics were not different. In Trial 2 (113 d), there were no differences attributable to treatment for ADG, DMI, gaidfeed, or carcass characteristics. Positive associative responses for gain efficiency (gdfeed) were greatest for the first increment of wheat addition (25% DRW and 33% SRW in Trials 1 and 2, respectively) and for the early portion of the feeding period (57 and 28 d for Trials 1 and 2, respectively), indicating a more rapid diet adaptation and(or) less propensity for subacute acidosis. In Trial 3, the treatment grains or mixtures did not differ in rate of starch digestion. Although the differences were not statistically significant, starch in the 100% wheat diet was digested twice as fast as the 100 or 75% HMC mixtures. Starch in ground corn disappeared in a curvilinear manner (quadratic, P = .12; linear, P = .06) across treatment; the slowest rate of disappearance was observed in animals fed the 75% HMC diet and the fastest rate in animals fed the 100% DRW diet. The rate of starch digestion of grain mixtures was inversely related to DMI (r = -.78, P = .21), ADG (r = -.83, P = .17), and gain/feed (r = -.85, P = .15) in Trial 1. When feeding combinations of wheat and HMC, 65 to 75% HMC seems to be beneficial. Increased performance may be associated with a decreased rate of ruminal starch digestion. 
Blending grains with different fermentation patterns has been theorized to partition digestion over the entire gastrointestinal tract (Stock et al., 1985) , resulting in a positive associative effect on feed efficiency. More recently, however, improved ruminal digestion resulted when feeding HMC with dry-rolled sorghum grain, and feed efficiency was increased above that predicted based on calculations from either grain fed alone (Stock et al., 1987b) . These data are in agreement with those of Axe et al. (1987) , who reported that increased ruminal digestion supported more efficient rate of gain, and with those of Streeter et al. (1989) , who reported that altering ratios of high-moisture sorghum and dry-rolled corn seemed to have more of an effect on ruminal fermentation than on small intestinal disappearance. The mechanism(s) of positive associative effects obtained when feeding grain mixtures has not been clearly defined. These trials were conducted to determine the influence of mixing two rapidly fermented grains, HMC and wheat, in a 90% concentrate finishing diet on performance and carcass characteristics of beef animals, and on rate of ruminal starch digestion.
Materlals and Methods
Triul I. Ninety large-framed crossbred steers (365 kg) were obtained from one ranch in Nacona, 'IX. On arrival at the Southwest Steers were fed once daily from a truckmounted mixer-feeder. Starting and ending weights (132 d) were the average of two consecutive, early-morning, full weights. The steers were slaughtered at a commercial packing plant and carcasses were electrically stimulated using low voltage. Livers were scored for incidence and severity of abscesses. Carcasses were chilled 24 h at 2'C before collection of carcass data University personnel measured fat over the rib eye (three-fourths the distance from the chine bone) and rib eye area and estimated kidney, pelvic, and heart fat. Degree of marbling was determined by a USDA grader. Hot carcass weights adjusted for average dressing percentage were used to estimate final weight and corresponding animal gains. Data were analyzed as a completely random design using GLM procedures of SAS (1985) . Treatment effects were partitioned into linear, quadratic, cubic, and quartic effects of (Table 2) . Wheat was steamed at 1 W C for 6 to 8 min and rolled to produce a 31% less dense product relative to initial bushel weight. Average moisture content of HMC in this study was 27.8%. Carcass data collection was identical to that in Trial 1, except that rib eye area and kidney, pelvic, and heart fat were not measured. Data were analyzed as a randomized complete block using GLM procedures of SAS (1985) ; the model consisted of treatment and initial weight replicate as the blocking factor. Linear, quadratic, and cubic effects of grain combinations were determined using orthogonal contrasts. Trial 3. Four Holstein steers (350 kg), fitted with permanent plastisol cannulas in the rumen, were used in a 4 x 4 Latin square design conducted in Manhattan, KS. Diets (Table 1) were similar to those fed in Trial 1, except that corn silage replaced chopped alfalfa hay and the 25% HMC75% DRW mixture was excluded. This treatment scheme was devised after the completion of Trial 1 and allowed a direct comparison to animal performance for those grain mixtures most likely to produce a beneficial response. Steers were housed in an enclosed barn in individual metabolism stalls and fed 2% of their BW in 12 equal portions daily (2-h intervals) using automated feeders. The HMC was mixed and repacked in 19-liter sealed plastic storage containers using a hydraulic press. The individual grain and molasses dietary portions were mixed every 3 d, and complete diets were mixed ffesh daily. Grain sources used in situ were identical to those used in Trial 1. Each perid of the Latin square consisted of 11 d, 10 d for dietary adaptation and 1 d for nylon bag (in situ) digestion profiles. Bags were cmstructed of nylon monofilament clothlo, which measured 9 cm x 10 cm with a mesh size of 44 pn. Two-gram samples (as-fed basis) of dietary grain mixtures, coarsely ground dry corn (using a 6.35-mm screen, positive control), or artificial cellulose11 (control) were placed into each bag and the bags were sewn closed on three sides (folded on the fourth side). Approximately 180 cm2 of the bag surface area was exposed in the rumen, yielding a sample weight (as-fed basis):bag surface area ratio of 11 mg of sample/cm2. Pore size and samp1e:bag area ratios were chosen according to recommendations of Lindberg (1983) . Wheat and HMC were in the form and particle size they were fed (both coarsely rolled). Grain mixture ratios in the bags were identical to dietary grain mixture ratios. Bags containing grain mixtures were fermented in the rumen of animals fed the respective dietary grain mixtures. One bag containing artificial cellulose and duplicate bags of the respective grain mixture and ground corn were tied together approximately 12 cm apart with a 1-mm nylon line. Each end of the string of five bags was clipped to a .5cm x 30.5-cm aluminum chain attached on one end to a 30.5cm x 2.5cm polyvinyl chloride pipe. The other end of each chain was attached to a 650-g plasticcoated lead weight. This apparatus was used to ensure bag suspension in the nunen. Each set of five bags was placed in the rumen at 4, 8, 12, 16, 24, and 36 h from time of removal. After removal from the rumen, bags were rinsed by brief submersion in cold water to remove exterior ruminal contents. The bags were then frozen until they were analyzed for remaining total starch content, as outlined by MacRae and Armstrong (1968) , and glucose content, determined by the glucose oxidase procedure (Gochman and Schmitz, 1972 (1985) were applied for a Latin square design (Cochran and Cox, 1957) . The model included animal, period, and treatment. Linear, quadratic, and cubic effects %east squares means, n = 3 @en as the experimental unit).
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Trial 3. No differences (P = .61) were measured for in situ starch digestion rates of grain mixtures (Table 5) . However, although not statistically significant, the 100% wheat diet was digested almost twice as fast as the 100% HMC. Starch digestion rate of ground corn responded curvilinearly (linear, P = .06;
quadratic, P = .12) to DRW level. Data presented indicate that the 75 HMC:25 DRW treatment reduced in situ starch digestion rates of the 75 HMC:25 DRW grain mixture and of ground corn by 27.1 and 32.1%. respectively, relative to predicted rates from HMC or DRW fed singly.
Discussion
The positive associative response observed in Trial 1 for ADG and gain/feed (0 to 57 d) and DMI (0 to 132 d) with the first increment of DRW was not statistically significant for SRW in Trial 2, although addition of 33% SRW provided similar numerical associative responses. These results are in agreement with data of Stock et al. (1985) , who summarized 35 trials involving HMC and reported that cattle fed diets containing 50 to 75% HMC and 50 to 25% dry sorghum or corn gained 4.2% faster and 4.3% more efficiently than cattle fed HMC alone. Additionally, rate of gain was improved 3% and feed efficiency 9.4% when these mixtures were compared with 100% dry sorghum or corn. In the present study, the greatest improvement in performance from feeding grain mixtures was obtained during the initial 28 d (Trial 2) to 57 d (Trial 1) of the feeding period. Improvements in rate and efficiency of gain early in the feeding period have been reported when rapidly fermented grains such as HMC (Brandt et al., 1984 , Stock et al., 1987a or dry-rolled wheat (Kreikemeier et al., 1987) were combined with less rapidly fermentable grains such as dry corn or sorghum. These data suggest that combining grains may allow more rapid adaptation to highconcentrate diets, perhaps by decreasing subacute acidosis (Kreikemeier et al., 1987; Stock et al., 1987a,b (Owens et al., 1986) , efficiency of feed utilization has been consistently improved when ruminal digestion was increased, most commonly through grain processing (Hale, 1973; Spicer et al., 1986; Theurer, 1986 Gross et al. (1988) . Previous research (Owens et al., 1986 ) has shown that starch, which is resistant to ruminal digestion, also has a generally lowered small intestinal digestibility, indicative of a physical or chemical structure inherent to some grains that render starch less susceptible to enzymatic hydrolysis. Thus, it does seem that within the limit of predisposing animals to acidosis, feed efficiency is maximized when maximal ruminal starch degradation occurs.
Feeding 100% wheat as the grain source decreased ADG in Trial 1 but improved ADG in T r i a l 2. This was probably the result of differences in processing between the two trials. Steam-rolling wheat (Trial 2) often results in improved performance compared with dry-rolling wheat (Brandt et al., 1987) . Steam-rolling dramatically reduced the rate of wheat starch digestion compared with dryrolling (Kreikemeier et al., 1990) , presumably by exposing less starch surface area to microbial digestion.
Using an in vitro technique, Kreikemeier et al. (1987) found dry-rolled wheat to have a faster rate of starch digestion compared with corn in both lambs and cattle. Lack of statistical significance between starch digestion rates in the present study was likely due to high variability, which was probably the result of differences in solubilization of starch with respect to grain form used (HMC vs DRW), much greater particle size for HMC than for DRW, and(or) variability within the in situ procedure. Figroid et al. (1972) observed wide variation in DM digestion in situ of sorghum grain and barley due to grains and grain processing as well as several other factors.
They concluded that the value of the nylon bag digestion technique to measure ruminal utilization of grains lay in its ability to rank various treatments, not in specific numeral values obtained. Digestion rates for ground dry corn, which was much more uniform in particle size than the grain mixtures, supported the grain mixture results. Values followed patterns of digestion rates identical to those of the grain mixtures, with less variability.
The decreased starch digestion rate in the 75% HMC diet may be an important factor in explaining the improved performance of the animals fed this diet. Slower ruminal digestion rates may imply a reduction in the incidence of subacute acidosis. Simple correlation coefficients (n = 4) showed that the rate of ruminal starch digestion was inversely related to DMI (r = -.78, P = .21), daily gain (r = -.83, P = .17), and gain/feed (r = -35, P = .15). Reasons for the decreased digestion rate of the 75% HMC:25% DRW mixtures are not cleaq perhaps certain soluble fractions of the DRW altered digestion of the HMC, as suggested by Cullen et al. (1986) .
lmpllcations
Rapidly digested grains, such as highmoisture corn and wheat, can be used as 100% of the concentrate portion of finishing diets; however, increased performance may be attained when mixtures are used. Data reported here suggest that the optimal combination is 67 to 75% high-moisture! corn with 33 to 25% wheat in diets containing 85 to 90% concentrate. This combination seems to decrease the rate of ruminal starch digestion.
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